Introduction
Patients with non-insulin-dependent diabetes mellitus (NIDDM) are at great risk for foot ulceration.
One reason is that arteriosclerosis of the foot arteries (arteriosclerosis obliterance) is more common in diabetic patients than in non-diabetic subjects (1). Poor blood supply (ischemia) due to arteriosclerosis is the major cause of foot ulcer, which is referred to as ischemic ulcer (2). Since foot artery disease is a manifestation of systemic artery sclerosis, it is often associated with coronary artery disease (3, 4). Patients with ischemic ulcer are therefore at high risk for myocardial infarction and sudden cardiac death.
Another reason for the increased incidence of foot ulcer in NIDDM is the frequent complication by diabetic polyneuropathy which causes peripheral sensory disturbance and autonomic neuropathy that reduces sweating and toe blood pressure (5). Patients are often unaware of minor trauma and therefore foot ulcers develop easily. This type of lesion is referred to as neuropathic ulcer (2). Patients with neuropathic ulcers are prone to have cardiovasdular autonomic neuropathy, e.g. prolongation of QT interval, possibly leading to life-threatening ventricular arrhythmias (6).
QT dispersion is a fairly new and simple variable currently under investigation in relation to cardiac disease (7, 8) . It is obtained by calculating the QT interval for all 12 electrocardiographic leads and then subtracting the shortest interval from the longest interval. QT dispersion has been proposed to represent the inhomogeneity of ventricular repolarization (9, 10). Its increase has been reported in patients with myocardial ischemia (11) and ventricular arrhythmia (9, 12), and it is believed to have a predictive value for the risk of ventricular arrhythmias.
Because diabetic patients with ischemic or neuropathic ulcer are at a high risk for sudden cardiac death (3, 4, 6), we hypothesized that these patients would show increased QT dispersion. (Fig. 1-B) . 
Discussion
Foot lesion is a serious health problem that impairs the patient's quality of life. Since diabetic neuropathy and arteriosclerosis are important etiologic factors in diabetic ulcer, foot ulcer can be classified as a neuropathic or ischemic ulcer (2). About 40-60% of patients with ischemic ulcer have been shown to have coronary artery disease (3, 4). Furthermore, patients with neuropathic ulcer are prone to have cardiovascular autonomic neuropathy, e.g. prolongation of QT interval, possibly leading to life-threatening ventricular arrhythmias (6). Patients with diabetic foot ulcer are therefore at a high risk for sudden cardiac death. Although many of the patients are asymptomatic, it is worthwhile to identify patients at high risk for cardiac events so that they can receive appropriate cardiac management.
QT dispersion is a fairly new and simple measure that reflects inhomogeneous ventricular repolarization (7-10), i.e. spatial dispersion of electrical refractoriness in the ventricular muscle.
Increased QT dispersion has been reported in patients with myocardial ischemia (11) and ventricular arrhythmia (9, 12), and it is considered useful for identifying patients at increased risk of arrhythmic events.
In addition to that, diabetic patients with autonomic neuropathy have been shown to have increased QT dispersion (13-15). We therefore hypothesized that diabetic patients with foot ulcers would also have increased QT dispersion.
QT dispersions in the IU group as well as the MI group were significantly higher than those in the NC or DC group. Ischemic ulcer is a partial manifestation of systemic arteriosclerosis and it is frequently associated with coronary artery disease (3, 4). Although patients in the IU group did not show ischemic changes on electrocardiograms with Master two-step test, taking low sensitivity of the test into account, the patients in the IU group may have asymptomatic coronary artery disease.
Indeed, 14 of 20 patients had microalbuminuria which is considered a strong predictor of cardiovascular disease (16). We assume that complicated atherosclerotic heart disease may contribute to increased QT dispersions in the IU group. Darbar et al. found that there was a strong link between QT dispersion and cardiac death in patients with arteriosclerotic foot artery disease (17). They revealed that patients with diffuse coronary artery disease had the greatest QT dispersion among those with coronary artery disease (1-3 vessels affected).
We thought it would be valuable to investigate QT dispersion in patients with diabetic cardiomyopathy, since diffuse endothelial proliferation of small coronary arteries has been reported in such patients (18).
Another thing we should consider is the complication of cardiac autonomic dysfunction.
QT dispersion in the NU group was also increased.
Decreased parasympathetic nerve function reflected by a reduced beat-to-beat variation was shown in the IU as well as the NU group. Previous studies suggested that decreased parasympathetic tone increases QT dispersion (19). The increased QT dispersion in the NU group may be due to decreased cardiac parasympathetic activity. We also speculate that the complication of cardiac autonomic dysfunction is relevant to the increased QT dispersion in the IU group. Further study will provide evidence to confirm or deny this assumption.
For example, MIBG scintigram would estimate the cardiac sympathetic dysfunction and thallium scintigram would show the degree of myocardial ischemia.
Diabetic patients with either neuropathic or ischemic ulcer are at a high risk for cardiac death. This may be further supported by our finding that QT dispersion was increased in patients with neuropathic or ischemic ulcer. Although the precise cause of increased QT dispersion cannot be determined, cardiac ischemia or autonomic dysfunction, it is quite possible that the patients share the common characteristics of inhomogeneous ventricular repolarization leading to sudden cardiac death.
Prolongation of the QT interval has been reported in diabetic patients with autonomic neuropathy (20). However, in this study, the QTc interval was increased only in the MI group and not in the NU or IU group. QT dispersion could be a more sensitive predictor for ventricular arrhythmias than the QT interval in a single lead. However, since the causal relation among diabetic ulcer, QT dispersion and cardiac sudden death has not been clearly elucidated, a prospective study is needed as to the incidence of sudden cardiac death and the coronary heart disease in the patients.
In conclusion, we have revealed that QT dispersion is increased in patients with diabetic ulcer through atherosclerosis or neurological disorder. Although the precise mechanism of this increase is unknown, QT dispersion may predict the complication of autonomic dysfunction or coronary artery disease and even the potential risk for sudden cardiac death. 
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